1 The first part of the paper involves a summary of the previous results of the author's research that was needed for the further extension of the method (Werner 2009) 
Introduction
Land use is defined as the spatial distribution of forms of land cover patches that are utilized or unutilized by humans within the framework of spatial and mutual relationships. The term refers to a given terrain's functional character and is identified with a socio-economic description of the surface (Ciołkosz & Bielecka, 2005 , after Stamp, 1960 , Kostrowicki, 1959 , Kozubek, 2002 . The observed dependency of land use and neighbouring land cover patches is discussed in many geographical and spatial economy publications i.e. the economic utilization of an observed lot (or patch) has significantly fewer implications for its future utilisation than the existing land use in its neighbourhood. In either case, factors stimulating further land use changes include the existing neighbouring land use or the predominant land use type in a given region (Hagoort, 2006) .
Models of land use changes
The analysis of land use changes involves a wide set of tools and methods including statistical and econometric models, spatial interaction models, models of (non)linear programming and economic models -utility maximization models or multi-criteria and multipurpose decision support systems. The interdisciplinary character land use changes forces researchers into the application of integrated, simulation-based tools. Further analytic methods include input-output models (Hagoort, 2006) as well as fuzzy logic (Biłozor, 2003) .
The advancement of geographic information systems (GIS) has facilitated the simulation and geovisualisation of results. The majority of analyses confronted two categories of factors that influenced the observed land use changes and which, at their core, involved an evaluation of spatial changes that resulted from the impact of neighbouring and consecutive forms of land use in a given area. The types of land use classes differed depending MISCELLANEA GEOGRAPHICA -REGIONAL STUDIES ON DEVELOPMENT on the aim, the scale and the area of an individual geographical study (Werner, 2009 ).
Yet another aspect of research into land use changes involved spatial externalities (Hagoort, 2006) , defined as the unexpected, indirect results of leverage of human activity that cause changes of costs or values for others -without visible operation (Mishan, 1969) . Spatial externalities of land use changes are usually disclosed through intensity (rate) and spatial range. Spatial externalities can be classified as positive or negative. The intensity of spatial externalities related to a given spatial land use class (form) and the probability of change of the land use class of a given spatial unit are positively correlated (Tobler, 1979) . The aggregate impact of the land cover's spatial externalities (net externalities) can be analysed using multi-variables and spatial or conditional spatial models of land use changes.
The majority of land use models are geography-based. The recognition of the main changes in land use enabled a set of model changes in land use to be distinguished (Hagoort, 2006 , Tobler, 1979 including: the Independent, the Dependent, the Historical, the Multivariate, the Geographical and the Future Geographical models.
In everyday practice, research and spatial planning often involve applying mixed forms of the aforementioned models which are also construed using Spatial Decision Support Systems, accounting for transportation facilities, population, employment etc.
As geographers' attention has, in most cases, centred on regions of urbanisation, the majority of research projects have been devoted to studying urban land use changes. The dissimilarity of their conclusions could be attributed to the individual and diverse character of the range of the studied geographical locations but the findings also identified a number of repeatable processes. Studies of the urban area determined that individual elements of landscapes change at various speeds (Hagoort 2006 , after Whitehand, 1967 and some of them are more susceptible to change. It was further established that the rate of land use changes differs depending on relative distance from the city centre (Hagoort, 2006 , after Wilder, 1985 . The various temporary profiles of urban land use changes are nonetheless much longer than the average length of a human life and longer than a spatial planning perspective (Hagoort, 2006 after Wegener, 1995 . On the other hand, main streets and their courses remain the most durable landscape elements (Hagoort, 2006 , after Whitehand, 1967 and specific types of land use forms are change-resistant, while sometimes the successions are not observed at all (Hagoort, 2006 , after Wilder, 1985 .
The geographical model is a model of spatial changes. It is assumed that the future land use of a particular place depends on the present land use of the neighbouring land and can be described graphically (Tobler, 1979 , Fig. 1 ).
The analysis is based on a one-to-one relation between each unique configuration of Moore neighbourhood land use classes analysis of the successions of neighbourhoods (Werner, 2009) .
A similar method can be defined using the mixed geographichistorical model.
Cellular automata and map algebra (CA & MA)
The changes of land use can be treated as a complex and (to a certain extent) random process. The complexity of interactions implies that conventional deductive models are constrained, especially in the case of the spatio-temporal phenomena (Wu, 1999) .
Probabilistic models are also effectively applied and they make use of the concepts of random development of reality, the notions of statistical events, probability, random variables and of empirical distributions of probabilities (Ratajczak, 1999) . According to Fotheringham (et al. 2000) , one of the purposes of spatial and visual analysis of maps is the indirect understanding of phenomena by analysing spatial patterns and inferring the spatio-temporal processes. Wolfram (2002, p. 299 ) defined three possible mechanisms accounting for the complexity and randomness:
'(…) there is random input from the environment at every step (…) there is random input only in initial conditions and in the third case, there is effectively no random input at all (…)'. The first mechanism is captured in stochastic models, the second has its roots in chaos theory and the third mechanism is formed on the basis of the behaviour of simple programs (ibid). This last approach is strictly related to the application of cellular automata in land use change research (Werner, 2005) .
The application of cellular automata in geographical research is becoming increasingly popular (Takeyama & Couclelis, 1997) . 'Cellular automata may be considered as (parallel-processing) computers, in which the initial configuration encodes the program and input data, and time evolution yields the final output ' (Wolfram, 1982) .
Cellular automata can be defined as mathematical models for complex natural systems containing large numbers of simple identical components with local interactions. They consist of a lattice of sites, each with a finite set of possible values. The 
Operationalization of the analysis and simulations
Rather than applying the mathematical formula directly The spatial filter is construed by applying the formula to each cell in the Moore neighbourhood (for a description see Eq. 1). For the two-dimensional, two-state cellular automata (i.e. 1 describes The pilot project indicated the need for a more advanced research (Werner, 2009 ).
Application of neighbourhood coefficients for the prediction of land use changes -results and verification
The verification of the research and the procedures discussed is presented in the form of geovisualisations with maps and statistics of simulations of land use changes in Poland (1990 Poland ( -2006 . Table 3 .
The final aim of this research was to perform a simulation of land use in Poland in 2012 based on the above analysis, which can hopefully be verified shortly.
Concluding remarks and future applications
NBCs appear to prove their value for the purpose of land use changes simulation. In practice, the transitional rules are the subset of all changes that took place during the calibration years. 
